The periodic fluctuations in the amplitudes of the evoked po-
tential produced by intermittent light stimulation of low frequencies were analyzed for a variety of areas such as the cortex, specific and nonspecific nuclei and midbrain reticular formation in the cat's brain. From the periodic time, four types of fluctuations were found, i. e., type I, 30-50 sec; type II, 7-12 sec; type III, 3-5 sec; and type IV, 0.7-1 sec. These were almost the same as the classification of the fluctuations in the alpha wave in man.
The following characteristics were found in each type of fluctuation.
Type I fluctuation showed an excitability change common to the entire nonspecific system, including the cortex, regardless of the site or the component of the evoked potential.
Type II fluctuation was an excitability change of nonspecific origin and
showed an antagonistic pattern between CM and the RF-cortex system.
Type III fluctuation showed an independent activity in CM and RF, and the type III activities in CM and RF separately affected the cortex.
Type IV fluctuation was a local activity in each portion of the brain and had a closer relationship within the specific system, rather than within the nonspecific one, as compared with other types.
The functions and physiological or biological significance of these periodic fluctuations of excitability were discussed through comparisons with different periodic phenomena in the central nervous system.
Four types of periodic fluctuations have been noted in the amplitude of alpha waves in the human cerebral cortex (MIMURA, 1971) . It has been suggested that these fluctuations may be related to the excitability changes that are specific to the brain. Although fluctuations have also been demonstrated in the photically driven EEG waves of man (TREHUB, 1965; MIMURA, 1971) and in the evoked potentials of cat (CHANG, 1952) , descriptions of only one or two types are given in the reports of TREHUB and CHANG. Using the analytic method described in my preceding paper (MIMURA, 1971) , an attempt was made in the present study to obtain detailed information regarding each type of periodic fluctuation in the cortical and subcortical structures. 
The four types of periodic fluctuations in the evoked potential
The procedures used to analyze the types of periodic fluctuations were the same as described in my preceding paper (MIMURA, 1971) . The amplitudes of the evoked potential produced by 1/sec stimulation were plotted against time, and a smoothed curve was obtained by the method of moving averages. By applying the simplified method of frequency band analysis, the curve was separated into three parts (e.g., I, II, and III in Fig. 1 ), which correspond respectively to type I, II, and III fluctuations of the alpha wave because of the similarity of the periodic time. The amplitudes of the evoked potential produced by 3-5/sec stimulation were also plotted against time, and a smoothed curve was obtained by the method of moving averages. Sometimes, especially in the case of 3/sec stimulation, the smoothing procedure was not applied but, rather, the plotted points were used directly. The curve was separated into two parts by applying simplified method of frequency band analysis. These correspond to type III and IV fluctuations, respectively. Thus, four types of periodic fluctuations were noted in the temporal changes in the amplitude of evoked potentials. Their periodic times were 30-50 sec in type I, 7-12 sec in type II, 3-5 sec in type III, and 0.7-1sec in type IV. slow wave (B) were measured. In type I fluctuation, there was no difference in the time course (or phase) between components A and B (Fig. 1A) . In type II, the phase of the fluctuation in component A was not in agreement with that in component B, but was reversed in most cases (Fig. 1B) . Since the early component, A, is thought to exhibit a specific character and the late component, B, a nonspecific one, type II and III fluctuations probably behave differently according to these two different characters. Therefore, the problem lies in the fluctuations in the subcortical structures such as GL, CM, and RF. Lateral geniculate body. An idealized form of photically evoked potentials in GL is shown in the inset in Fig. 1A . The amplitudes of the primary sharp component, A, and late slow component, B, were measured and analyzed. Type I fluctuation was not conspicuous in either component, and the slight fluctuations occasionally observed were not necessarily in phase with each other (Fig. 1A) . With respect to the phase, the fluctuations in components A and B in GL did not correspond to those in L. In type II, the fluctuation curves of components A and B were almost out of phase with each other (Fig. 1B) . In type III, there was no distinct phase relation between components A and B, although there was a tendency for the curves to synchronize with each other. From the findings on the fluctuation in GL, no type showed a direct relationship within the specific system.
Midbrain reticular formation. An idealized form of photically evoked potential in RF is shown in the inset in Fig. 2A . Two components, A and B, were analyzed. Figure 3. Inter-regional comparisons of each type Type I. (a) Intra-specific system. As already mentioned, L and GL were not directly related but rather were independent (Fig. 1) . Although the fluctua- tions in the optic radiation (OR) and L appear to be similar in Fig. 3 , this is not conclusive, in view of the short analytical time.
The following analyses were performed on only the late component of the evoked potential in each region.
(b) Intra-cortex. Although the analytical time was not sufficient, fluctuations in the primary sensory area (L) and association area (SS) demonstrated the same time course (Fig. 3, I ).
(c) Subcortical nonspecific systems and cortex. The fluctuations in L, SS, and RF were in phase with each other (Fig. 2A, Fig. 3, I ). Changes in the time course of the fluctuations were almost the same in CM and L (Fig. 4) and in CM and SS (Fig. 5, I ). It can be anticipated from the above findings that type I fluctuations within the subcortical nonspecific system (CM and RF) are in phase with each other. Therefore, it is concluded that type I fluctuations are caused by a common excitability change in the entire nonspecific system, including the cortex.
Type II. (a) Intra-specific system. Time courses of the fluctuations in L and GL were independent of each other (Fig. 1) , in spite of the similarity between OR and L (Fig. 3, II) . However, as will be described later, it was noted that the fluctuations in L and GL were in phase with each other in the arousal state after RF stimulation (Fig. 9B) .
(b) Intra-cortex. A synchronized time course was observed in L and SS (Fig. 3, II) . (c) Subcortical nonspecific systems and cortex. The fluctuation in RF closely resembled that in L (Fig. 2B, II in Figs. 3, 7, and 8) and therefore that in SS (Fig. 3, II) too. In contrast to the phase relation noted between RF and the cortex, the fluctuation in CM was out of phase with that in L (II in Figs. 4, 7, and 8) and in SS (Fig. 5, II) .
(d) Intra-subcortical nonspecific systems. It can be deduced from the above findings that the phase of the fluctuation in RF is the reverse of that in CM (II in Figs. 7 and 8) .
Thus, from the analysis of type II fluctuations two systems were found which show antagonistic excitability changes: the RF-cortex system and CM.
Type III. (a) Intra-specific system. The fluctuations in L and GL were independent of each other, as already described (III in Fig. 3B ).
(b) Intra-cortex. The fluctuation in L resembled that in SS, though they did not necessarily coincide (III in Fig. 3) .
(c) Subcortical nonspecific system and cortex. The fluctuation in RF was partly in phase and partly out of phase with that in L (III in Figs. 2B, 3, 7, and 8) and in SS (III in Fig. 3) , and sometimes showed a lag of phase. This was the same as that noted for the relation between CM and L (III in Figs. 4, 7, and 8) or SS (III in Fig. 5 ).
(d) Intra-subcortical nonspecific systems. Although the phase relation between CM and RF was variable from time to time, the most common was the reversal of phase. Type III fluctuations are inherent in both CM and RF, but they are mostly out of phase with each other under the influence of an antagonistic function such as type II fluctuation, and excitability changes of type III in RF and CM may, separately or alternatively, affect the whole cortex. An example is shown in Fig.  7 , III. The fluctuations in range A are all in phase in RF, CM, and L. The activity changes in RF are identical to those in CM, and both of these activity changes cooperatively affect the cortex. The fluctuations in RF and L in range B are in phase, while those in CM are out of phase with the other two. The indicates that RF has a stronger influence upon the cortex than CM, and also that there is strong antagonistic activity between the RF-cortex system and CM. In range C, the phase in RF is in reverse to CM, while that in CM resembles L, showing the action of RF upon the cortex or the tendency of the RF-cortex system to be weakened and that of CM to be enhanced.
Type IV. (a) Intra-specific system. The fluctuations in GL and L were almost the same as each other in phase (Fig. 6 ).
(b) Intra-cortex. The fluctuations in L and SS were synchronized with each other (Fig. 6) . The agreement of phase was more precise than in the intra-specific system.
(c) Subcortical nonspecific system and cortex. The phase relations of the fluctuations between L and RF or CM appeared to be independent of each other (IV in Fig. 8) .
(d) Intra-subcortical nonspecific system. The fluctuations in RF and CM mainly were reversed in phase (IV in Fig. 8) .
The antagonistic relation between RF and CM was similar to that seen in other types of fluctuations, but the influence upon the cortex was not as dominant as in the others. In summary, it appears that type IV fluctuation is a relatively localized excitability change such as within the cortex itself, RF itself, etc., but the connection within the specific GL-L system is relatively close.
4. The influence of high RF activity upon the fluctuations of different types in the specific system As described above, the different types of fluctuations did not show any distinct phase relation within the specific system except for type IV. In contrast with the fluctuations during the relaxed state, the phase relation within the specific system was markedly changed in the arousal state by exalting RF activity. Type I fluctuations in GL did not show any pronounced changes before, during, or after RF stimulation (Figs. 1A and 9A) . On the contrary, immediately after RF stimulation, type I fluctuations of component B in L only were markedly enhanced with a discrepancy of activity between components A and B of the evoked potentials in L, while the time course of their fluctuation was similar before and during RF stimulation.
During RF stimulation, type II fluctuation was suppressed in every component of GL and L (Figs. 1B and 9B) . Before RF stimulation, the phase was reversed between components A and B in GL, and there was no distinct phase relation between any components in L or GL. After stimulation, the phase relations of all components in both GL and L were coincident with each other. This suggests that the activity of type II fluctuation in components within the specific system, which are independent of each other during the relaxed state, is overcome, as a result of a high nonspecific activity, by the nonspecific system, especially the RFcortex system.
In type III fluctuation, no outstanding changes were caused by RF stimulation, except for a slight reduction in amplitude of the fluctuation during stimulation (Figs. 1B and 9C) .
Type IV fluctuation showed relatively synchronized activity within cortex-GL-specific system-during the relaxed state (Fig. 6 ), but this synchrony was disturbed and the amplitude slightly reduced during RF stimulation (Fig. 9D) . Immediately after stimulation, a pronounced synchronized activity was seen as a rebound within the cortex (L and SS), but the fluctuation in GL first showed an activity of reverse phase to the cortex for a few seconds, followed by a synchronization with the cortex (Fig. 9D ). This is evidence that type IV fluctuation has a synchronized activity within the specific system which is disturbed by exalting the activity of the nonspecific system, particularly RF. Figure 9A , B, C, and D show type I, II, III, and IV fluctuations, respectively, during and after RF stimulation (5 volts intensity, 0.1msec duration pulse, 200/sec frequency). In D, RF stimulation begins at arrow ON and ceases at arrow OFF. Time mark, intervals of 10sec in A, B, and C, and 1sec in D.
DISCUSSION
It has been reported that the specific and nonspecific evoked potentials show periodic fluctuations in their amplitudes (TOMAN, 1945; BREMER, 1949; JASPER, 1949; MORUZZI et al., 1950; ARDUINI and TERZUOLO, 1951; CHANG, 1952; LI and JASPER, 1953) . On the other hand, my previous paper (MIMURA, 1971) suggested some excitability rhythms in the cortex which are expressed in several types of fluctuations in the amplitude of the alpha wave. The periodic fluctuations, whether expressed in EEG or in evoked potentials, are thought to reflect common excitability changes in the brain, in view of the discovery of a component common to both EEG and evoked potentials (BISHOP and CLARE, 1952; MIMURA, 1969) . Therefore, this paper dealt with the periodic fluctuations observed in evoked potentials of animals, instead of the alpha wave, for the purpose of elucidating the underlying mechanism of the periodic excitability changes. Important evidence was obtained showing that the mechanism is different depending on the type of the fluctuation, which is controlled mainly by the nonspecific system involving two antagonistic systems.
The phenomenon of waxing and waning seen in the recruiting response is one example of excitability fluctuation in the central nervous system. However, its periodic time is not necessarily similar to only one type of fluctuation in EEG or evoked potential described here but to either the III or the IV type. Therefore, it may be doubtful whether there is a direct relationship between waxing and waning in the recruiting response and that in the fluctuation described here. CREUTZFELDT et al. (1966) found that the surface negative recruiting wave is accompanied by a summed cellular EPSP of the same time course, and that waxing and waning are equally present in both records. According to their findings, waxing and waning may appear to be composed of progressive development of the EPSP or a smooth depolarization wave and gradual decrement of them through the generation of a positive notch on the summit of the EPSP and of a small IPSP following the EPSP, as time elapses. However, it has not been elucidated what triggering mechanisms underlie the periodic time course of the development in the EPSP and the generation in the notch and the IPSP. Possibly the excitability fluctuation as reported here contributes indirectly or at least partly to the formation of these periodic phenomena seen in the EPSP, IPSP, etc.
The most interesting of these phenomena are the antagonistic excitability changes such as are seen in type II of the RF-cortex system and CM, which had an effect upon other periodic fluctuations, especially upon type III. As the anatomical basis for this, the dual pathway has been suggested (STARZL and MAGOUN, 1951) . Two connecting routes have been found between the cortex and RF , i. e., the direct route (WHITLOCK and` SCHREINER, 1954; NAUTA and KUYPERS , 1958; SCHEIBEL and SCHEIBEL, 1958) and the indirect route through the thalamic nuclei (RUSSELL and JOHNSON, 1952; WHITLOCK and SCHREINER, 1954; PAPEZ, 1956) . The investigation by MORUZZI (1964) in which he described the existence of structures in the brain stem with such antagonistic relationships as activation and deactivation is suggestive. Moreover, some authors point out a dual function in the brain stem, i. e., a phasic activation by the upper portions of the activating system, particularly the nonspecific thalamic projection system and adjacent sensory structures, and a tonic activation by the lower portions of the ascending reticular system (SHARPLESS and JASPER, 1956) ; or a maintenance of alpha rhythm at the anterior thalamus, and a depression and modulation of alpha rhythm at other parts of the thalamus ( VAN DER DRIFT and MAGNUS, 1961b) . These investigations are very suggestive with respect to the antagonistic changes of excitability in the CM and RF-cortex system in my findings. VAN DER DRIFT and MAGNUS (1961a) reported a clinical case in which the EEG of a patient with a lesion of the mesodiencephalon due to an aneurysm of the anterior communicating artery and a haemorrhage around the brain stem showed a diffuse activity of 7.5-8c/sec which alternated with 5-15sec periods of flattening. This periodic time corresponds to that of type II. This may be explained as follows: the periodic activity underlies type II fluctuations in excitability, and this fluctuation had presumably been emphasized due to a functional suppression of the RF-cortex system on account of the lesion.
Several investigations were found which deal with periodic activity in the brain. ZERLIN and DAVIS (1967) observed an omission of the auditory evoked potentials at about 60-sec intervals when a tone was successively delivered at a suitable intensity for man. This interval resembles type I fluctuations. In the cricket brain, DINGLE and Fox (1966) have described an oscillation of the spike frequency with a periodic time of about 2sec induced by turning on a light, which corresponds to type IV. These findings substantiate the existence of a slow periodic excitability fluctuation in the brain regardless of the species of animal. ALADJALOVA (1964) has studied the slow electrical phenomena in the central nervous system, especially the infraslow potential oscillations (ISPO). The periodicity of ISPO was 8/min in the A-rhythm and 1-1.5/min in the B-rhythm, which correspond respectively to that of type II and I fluctuations. However, there is no direct causal relation between ISPO and the periodic fluctuations described here. Four reasons for this can be considered: first, ISPO is absent in RF and the thalamus, while the fluctuations appear in these structures; second, although ISPO can be recorded from the entire surface of the hemisphere, they are not necessarily synchronous or isorhythmic, while the fluctuations are synthronous in each type; third, ISPO is present even in the isolated cortex, indicating a local phenomenon, while the only strictly local fluctuation is type IV, which differs in periodicity from ISPO; and fourth, ISPO does not represent the summation of the activity of the "rapid regulatory system" such as RF (ALADJALOVA , 1964) , while the fluctuations depend entirely upon the "rapid" activity.
The fluctuation phenomena elucidated here are a manifestation of the alternative variations of excitation and inhibition in the central nervous system. They may be expanded to the role of the physiological clock (BUNNING, 1967) by connecting with the phenomenon of a longer cycle (e. g., RODIECK and SMITH, 1966) . This is one possible physiological and biological significance of the periodic fluctuations.
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